The West Coast of Namaqualand in South Africa hosts extensive detrital diamond deposits, but considerable debate exists as to the provenance of these diamonds. Some researchers have suggested derivation of the diamonds from Cretaceous-Jurassic kimberlites (also termed Group I kimberlites) and orangeites (also termed Group II kimberlites) located on the Kaapvaal Craton. However, others favour erosion of diamonds from the ca.300 Ma Dwyka Group sediments, with older, pre-Karoo kimberlites being the original source(s). Previous work has demonstrated that 40 Ar/
Introduction
The West Coast of southern Africa is host to the world's largest known detrital diamond deposits (Fig. 1 ). Together these deposits have produced in excess of 120 million carats of diamonds, with~50 million carats from mines in Namaqualand, South Africa (e.g. Gurney et al. 2005; Oosterveld 2003; Bluck et al. 2005) . Diamonds were first discovered in Namibia in 1908 (near Luderitz) and in Namaqualand in 1925 (Port Nolloth area). Diamonds in Namaqualand have been recovered from fluvial and marine sediments extending from just south of the Olifants River, northwards to the Orange River (Fig. 1) . In Namibia, economic quantities of diamonds occur in the region between the Orange River mouth and Luderitz,~120 km to the north, although diamonds have been recovered as far north as the Hoanib River,~1000 km from the Orange River mouth (Hallam 1964 ).
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Considerable controversy exists regarding the exact sources and depositional history of the West Coast diamonds. Although the immediate interiors of Namaqualand and Namibia host numerous alkaline intrusive bodies, none are diamond-bearing (e.g. Moore and Verwoerd 1985; Kurszlaukis et al. 1998) . The nearest known primary diamond occurrences are located more than 700 km to the east, on the Archaean Kalahari Craton (Fig. 1) , which hosts more than 1000 kimberlites (also known as Group I or 'basaltic' kimberlites; Smith 1983) and orangeites (also known as Group II or micaeous kimberlites; Smith 1983) , ranging in age from~80 to~1350 Ma (Table 1) . Most researchers have suggested that the West Coast diamonds originated from erosion of kimberlites and orangeites located on the Kaapvaal Craton, with diamonds transported to the coast by the paleo-Orange River ( Fig. 1 ) (e.g. de Wit 1999; Bluck et al. 2005 and references therein). However, others have argued that a large proportion of the West Coast diamonds were eroded from the more proximal Permo-Carboniferous (ca. 300 Ma) Dwyka Group glacial deposits (Fig. 1) , with their ultimate source being preKaroo kimberlites in the interior of the Kalahari Craton (e.g. Sutherland 1982; Van Wyk and Pienaar 1986; Maree 1987; Moore and Moore 2004) . Resolution of this controversy has important implications, not only for determining the source(s) of the West Coast diamond deposits, but also for reconstructing the paleo-drainage and landscape history of the region and realising the potential for undiscovered diamond-bearing kimberlites and/or orangeites beneath the Karoo Basin (Fig. 1) .
In a previous study, Phillips and Harris (2009) described a novel approach for constraining the provenance of the Namibian diamond placer using 40 Ar/ 39 Ar ages determined on clinopyroxene inclusions extracted from detrital diamonds. Here, we utilise the same methodology to constrain the provenance and transport history of the Namaqualand diamond placer deposit. This approach is based on earlier 40 Ar/ 39 Ar Ayres et al. 1998; Jelsma et al. 2004; and Jacobs et al. 2008) . Note that some individual kimberlite and orangeite localities are shown in Fig. 5 studies of clinopyroxene inclusions in diamonds from kimberlites of known age, where the original intent was to determine diamond genesis ages (Phillips et al. 1989; Burgess et al. 1989 Burgess et al. , 1992 . Analyses of clinopyroxene inclusions extracted (or exposed at surface) from Orapa (ca. 90 Ma), Jwaneng (ca. 240 Ma) and Premier (ca.1200 Ma) diamonds yielded ages approaching the times of kimberlite eruption (Phillips 1991; Phillips et al. 2004a; Burgess et al. 1992 Burgess et al. , 2004 Phillips and Harris 2008) ; rather than diamond genesis events (ca.1.0-3.5 Ga; see Shirey et al. 2013 and references therein) . This unexpected outcome is attributed to diffusion of radiogenic 40 Ar ( 40 Ar*) to the diamond/inclusion interface zone during mantle residence at high temperatures and loss of this component during inclusion extraction (e.g. Phillips et al. 2004a) (Fig. 2) . These results raised the prospect of using 40 Ar/ 39 Ar dating of clinopyroxene inclusions as a tool to constrain the ages of source kimberlite (Phillips and Harris 2008, 2009 ). The approach is, however, not entirely straightforward; despite some inclusions giving host kimberlite emplacement ages, others are characterised by older apparent ages . The reason(s) for this behaviour is not fully understood, but may be due to partial retention of pre-eruption mantle 40 Ar* in defect structures in the clinopyroxene inclusions (Phillips et al. 2004a; Phillips and Harris 2008) . Notwithstanding this complication, experiments on clinopyroxene-bearing diamonds from the Orapa kimberlite showed that a significant proportion (35%) exhibit host emplacement kimberlite ages, with the majority (92%) giving 40 Ar/
39
Ar ages within 100 Ma of kimberlite emplacement.
Therefore, although the inclusion ages must be viewed strictly as maximum estimates for the age of the source kimberlites (or orangeites), the results still provide useful constraints on the provenance of detrital diamond deposits, particularly when used in conjunction with paleo-drainage reconstructions and diamond size distribution data (see Phillips and Harris 2009) .
In their study of clinopyroxene inclusions from Namibian detrital diamonds (n = 52), Phillips and Harris (2009) concluded that most diamonds were sourced from post-Karoo kimberlites and orangeites on the Kaapvaal Craton, with only minor contributions possible from older kimberlites and the Dwyka conglomerates and tillites. However, these results were too imprecise to ascertain whether the diamonds were sourced from ca.80-90 Ma kimberlites, ca.115-200 Ma orangeites, or both groups. In the current study, we analysed clinopyroxene inclusions extracted from a suite of detrital diamonds (n = 84) from the Namaqualand West Coast, using both traditional single-collector 40 Ar/
Ar mass spectrometry and a new generation multi-collector mass spectrometer. The results obtained provide unprecedented insights into the provenance and transport history of these diamonds.
Geological setting

Regional geology
The interior of southern Africa is dominated by the Precambrian Kalahari Craton, which includes the Archaean Kaapvaal and Zimbabwe Cratons (Fig. 1) , the ArchaeanPaleoproterozoic Limpopo Mobile Belt (de Wit et al. 1992) , and a series of flanking Paleoproterozoic (Magondi, Okwa, Kheis belts, Rehoboth Sub-province) to Mesoproterozoic (Namaqua-Natal-Maud-Mozambique mobile belts) mobile belts (e.g. Thomas et al. 1994; Hanson et al. 2006; Jacobs et al. 2008) . Rocks of the Phanerozoic Karoo Supergroup cover large areas of southern and central Africa, including much of the Kaapvaal craton (see review by Catuneanu et al. 2005 and references therein) (Fig. 1) . The Dwyka Group forms the basal unit and is dominated by ca. 300 Ma glacial deposits (e.g. Visser 1997; Bangert et al. 1999 ). In the southern African Karoo basin, the Dwyka Group is overlain by the sediment-dominated Permian Ecca and Permo-Triassic Beaufort Groups (e.g. SACS 1980; Johnson et al. 1997 ) and the Triassic-Jurassic Stormberg Group, which includes the ca. 180 Ma Drakensberg flood basalt province (e.g. Duncan et al. 1997; Jourdan et al. 2007) . Southern Africa has experienced widespread alkaline magmatism over much of its geological history (e.g. Hanson et al. 2006) , including the emplacement of archetypal kimberlite (also known as Group I kimberlites) and orangeite (also known as Group II or micaceous kimberlites) pipes, dykes and sills (e.g. Jelsma et al. 2004) . Diamondiferous localities are, however, confined almost exclusively to the Kaapvaal Craton, Zimbabwe Craton and Limpopo Belt (Azanian Craton; McCourt et al. 2004) . Known kimberlite and orangeite localities were emplaced over a broad time period, from ca. 60 to 1600 Ma (e.g. Allsopp et al. 1989; Jelsma et al. 2004; Gurney et al. 2005) , with the major epochs summarised in Table 1 . Pre-Karoo diamondiferous localities include ca. 500 Ma kimberlites in northern South Africa (e.g., Marnitz, Venetia) and Zimbabwe (e.g. Beit Bridge, Colossus) (Phillips et al. 1999 ), the~1.2 Ga Premier kimberlite cluster in north-central South Africa (Kramers and Smith 1983) , and the ca.1.35 Ga Martins Drift kimberlites in eastern Botswana (Jelsma et al. 2004) . Alluvial diamonds recovered from the ca.2.7-3.1 Ga Witwatersrand Basin imply even older diamondiferous kimberlites or related rocks in the region (e.g. Smart et al. 2016) . Known syn-Karoo diamondiferous bodies are restricted to the Jwaneng kimberlite cluster (ca. 240 Ma) in southern Botswana (Kinny et al. 1989; Phillips et al. 2004a ). PostKaroo Cretaceous (~80-95 Ma) kimberlites and Cretaceous/ Jurassic (~110 -~200 Ma) orangeites are by far the most abundant and widespread of the groups (Fig. 1) , with the orangeites showing a distinct age progression across the Kalahari Craton from Dokolwayo (ca. 200 Ma) in Swaziland to Sutherland (ca. 110 Ma) in the southern Cape (Table 1) .
The current drainage system in southern Africa is dominated by the Orange-Vaal River basin, which also includes the Harts, Molopo and Fish River tributaries. This basin drains an area of approximately 1 × 10 6 km 2 , and encompasses much of the hinterland (Dingle and Hendy 1984) . This system covers large areas of the Kalahari Craton that hosts the diamondbearing kimberlites and orangeites described above (Table 1) .
Namaqualand diamond placer deposits
Diamond placer deposits in Namaqualand extend from just south of the Olifants River to the mouth of the Orange River, a distance of some 400 km (e.g. Hallam 1964; Bluck et al. 2005) (Fig. 1) . The main deposits, which occupy a coastal region of a few kilometres width, occur as a complex succession of Oligocene to Holocene raised beach terrace gravels and river channel gravels, with lesser deposits off-shore (Hallam 1964; Bluck et al. 2005) . The beach terrace deposits formed in response to multiple regressions and transgressions imposed by fluctuations in relative sea-level (e.g. Bluck et al. 2005 Bluck et al. , 2007 and references therein).
Diamond size generally decreases northwards (Hallam 1964; Sutherland 1982) , and this has been taken as evidence that the Olifants River may have been the major point source of diamonds to the Namaqualand Coast (e.g. Hallam 1964; Bluck et al. 2005 ; cf. Moore and Moore 2004) . This is supported by the presence of Early Aptian to Cenomanian (93-112 Ma) deltaic sediments near the mouth of the current Olifants River (Dingle and Hendy 1984; Brown et al. 1995) . However, other westward draining fluvial systems, such as the Buffels and Groen fluvial systems are associated with diamond-bearing terraces and likely contributed at least some diamonds to the coastal deposits (Stevenson and McMillan 2004) . The northerly distribution of diamonds along the West Coast is attributed to the strong northerly-directed ocean currents, waves, winds and longshore drift, operating over a shallow coastal shelf in a semi-arid climatic environment (e.g. Bluck et al. 2005) . These factors caused reworking of older beach deposits and concentration of diamonds northwards. Similarly, diamonds transported by the proto-Orange River have been reworked northwards along the Namibian Coast, with limited contributions to Namaqualand placer deposits (e.g. Bluck et al. 2005 ).
Samples and analyses
Sample selection
A total of 84 detrital diamonds, containing clinopyroxene inclusions, were collected from run-of-mine Namaqualand productions by staff of the Geology Section of the Diamond Trading Company, RSA (Pty) Ltd., Kimberley ( Table 2) . The diamonds originate from onshore locations within the Keinzee and Koignaas licence areas between Hondeklipbaai and Port Nolloth (~80-200 km south of the Orange river mouth; Fig. 1 ). The diamonds are mostly pale yellow to pale brown with characteristic, variably resorbed, 'rounded dodecahedral' morphologies. All diamonds were examined under a binocular microscope to ensure that the inclusions were totally enclosed by diamond and free of alteration. The clinopyroxene inclusions were released by individually crushing the host diamond in a steel anvil device (Fig. 3) . Some inclusions were recovered intact, but, the majority broke into fragments in the range 100-300 μm in in length (Tables 2  and 3 ). Several stones contained multiple inclusions, some of which were analysed separately (Tables 2 and 3 ). All inclusions were characterised by imposed cubo-octahedral morphologies, indicating a syn-genetic origin with the host diamond (e.g. Harris 1992) . Clinopyroxene inclusions from the study were assigned to peridotitic or eclogitic parageneses based on colour; the former being characteristically emeraldgreen Cr-diopside and the latter being pale green in colour, with omphacitic compositions (e.g. Meyer 1987; Phillips et al. 2004a) . Inclusions from a small number of diamonds (n = 4) contained negligible potassium and may have been pale green enstatite inclusions.
Analytical methods
Clinopyroxene inclusions, extracted from their host diamonds, were analysed in two separate batches, using different mass spectrometer systems. Batch A inclusions (NQ1 -NQ48) were analysed in 2008 (MM5400 mass spectrometer), with batch B (NQ100 -NQ135) inclusions analysed in 2016 (ARGUSVI multi-collector mass spectrometer). All inclusions were ultrasonically cleaned in de-ionised water and acetone and then individually wrapped in aluminium foil packets and placed in a quartz glass vial, together with interspersed aliquots of irradiation monitors. Batch A inclusions were packaged with aliquots of the irradiation monitor GA1550 biotite (99.125 ± 0.076 Ma; Phillips et al. 2017) , plus packets of CaF 2 and K-glass to monitor contributions from interfering isotopes. These packages were irradiated in two cans (UM#2, 16 h; UM#3, 28 h), in position 5c of the McMaster University Research reactor, in Hamilton, Ontario. Packets of Batch B inclusions were interspersed with aliquants of the Fish Canyon Tuff (FCT) sanidine monitor (28.126 ± 0.019 Ma; Phillips et al. 2017 ) and irradiated in the CLICIT facility of the Oregon State University TRIGA (OSTR) reactor (UM#68; 100 h).
After irradiation and cooling, inclusions were loaded into copper sample trays, which were placed in vacuum ports and baked at~120°C for 24 h. 40 Ar/ 39 Ar analytical procedures for Batch A inclusions were analogous to those described by Phillips et al. (2004a) and Phillips and Harris (2008) . In this case, laser step-heating was achieved using a defocused Spectron Nd-YAG laser and argon isotopic analyses were carried out on a MM5400 mass spectrometer, equipped with a Daly detector. Protocols for analysis of Batch B inclusions are described in Phillips and Matchan (2013) and Phillips et al. (2017) . Here, 40 Ar/ 39 Ar analyses were carried out using a multi-collector Thermo Fisher Scientific ARGUSVI mass spectrometer linked to a stainless-steel gas purification line and a Photon Machines Fusions 10.6 CO 2 laser system.
Results
40
Ar/ 39 Ar step-heating and fusion results for clinopyroxene inclusions extracted from Batch A (NQ1 -NQ48) and Batch B (NQ100 -NX135) Namaqualand detrital diamonds are summarised in Tables 2 and 3. Detailed   40   Ar/   39 Ar analytical data are tabulated in Tables A1 and A2 (electronic appendix) . Ages were calculated using the atmospheric argon composition of Lee et al. (2006) and the decay constants of Steiger and Jäger (1977) . Unless otherwise stated, errors are listed with two sigma (2σ) uncertainties.
In most cases, larger inclusion fragments from individual diamonds were combined in two-to three-step heating experiments, whereas smaller inclusion fragments were fused in single-step analyses. Three diamonds (NQ9, NQ26, NQ101) contained sufficiently large inclusions to analyse two aliquots in separate step-heating experiments. Weights of clinopyroxene inclusions from each diamond were estimated using measured dimensions of inclusion fragments (assuming a density of 3.3 g.cm ) and from Ca/K ratios calculated from 40 Ar/ 39 Ar step-heating data (see Burgess et al. 1992 for calculation details). For inclusions confirmed as clinopyroxene, uncertainties associated with these calculations are estimated at ca.~30%. Results from the two methods Provenance history of detrital diamond deposits, West Coast of Namaqualand, South Africa S265
1.0 mm Fig. 3 Photomicrograph showing peridotitic clinopyroxene inclusion fragments extracted from diamond NQ109, Namaqualand detrital diamond deposits. Note the emerald green colour characteristic of Crdiopside, and the small black graphite crystals on inclusion surfaces, indicating a decrease in internal pressure (see Phillips et al. 2004a for discussion) are broadly concordant, although the dimensional calculations give consistently larger inclusion weights (Table 2) . Aliquot weights for Batch A and B inclusions range from 2 to 508 μg and 3 to 248 μg, respectively (Table 2) . Potassium contents were estimated from Ca/K ratios determined from argon isotopic analyses (Table A1 ) and assumed Ca contents for clinopyroxene (10 wt% Ca in eclogitic and 14 wt% Ca in peridotitic clinopyroxene, respectively; see Phillips et al. 2004a for details). Estimated potassium contents for Batch A inclusions vary from 46 ppm to 14,436 ppm, with a mean value of 2643 ppm ( Table 2) . Batch B inclusions exhibit potassium levels of 155 ppm to 6302 ppm, with a mean value of 2749 ppm ( Table 2 ). There are no systematic differences in K content between peridotitic and eclogitic inclusions. These values are analogous to those determined from previous 40 Ar/ 39 Ar studies of clinopyroxene inclusions in diamonds (e.g. Burgess et al. 1992; Phillips et al. 2004a; Phillips and Harris 2008; Laiginhas et al. 2008) and are also consistent with electron microprobe data for clinopyroxene inclusions from a study of Namibian detrital diamonds (249-3000 ppm K; average = 1879 ppm; Loest et al. 2003) . Inclusions from three Batch A and one Batch B diamonds yielded negligible 39 Ar K , suggesting that they were not clinopyroxene, but rather pale green enstatite ( Table 2) .
The multi-collector ARGUSVI (Batch B) results are significantly more precise (>10×) than those determined using the older generation MM5400 system (Batch A). This is due to a combination of improved pre-treatment routines (low temperature laser heating), which reduced atmospheric contamination and increased radiogenic 40 Ar* yields, and high precision multi-collection analyses (see Phillips and Matchan 2013 and Phillips et al. 2017 for more details). In general, the larger, more potassium-rich inclusions yielded more robust age results (Table 2) . Several smaller and/or potassium-poor inclusions produced insufficient 39 Ar K or 40 Ar* for accurate age determination and only those age results with uncertainties of <50% are plotted in Figure 4 . With one exception (NQ109), low temperature steps exhibit older apparent ages than high temperature steps (Table A1 ). This is attributed to retention of small quantities of pre-eruption 40 Ar within the inclusion during the diamond's residence in the mantle. Alternative explanations, such as recoil loss of 39 Ar K (i.e. 39 Ar ejected from inclusion margins during neutron irradiation with an average recoil distance of~0.1 μm; Turner and Cadogan 1974) , are not consistent with the non-systematic variations in 40 Ar*/ 39 Ar ratios and/or the relatively large size of the inclusions. NQ109 is the only inclusion analysed that yielded a low-temperature apparent age (120.6 ± 15.5 Ma) that is distinctly younger than the fusion age (227.7 ± 7.0 Ma); reasons for this anomaly are unclear. As the inclusion ages are considered to be maximum estimates for the time of the host magma eruption, the youngest ages (i.e., hightemperature fusion steps) provide the closest approximation Of the Batch A inclusion aliquots analysed, 33 of 48 yielded ages with uncertainties <50% (Table 3) , and apparent ages ranging from 117.5 ± 43.6 Ma to 3684 ± 191 Ma (2σ) (Fig. 4a) . Six inclusions (18%) have ages that are within error of, or older than 300 Ma (Dwyka Group deposition age) and five inclusions (15%) are older than 500 Ma (Fig. 4a) . The majority (31 of 36) of Batch B inclusion aliquots yielded sufficient 39 Ar K for reliable age determination, with values ranging from 120.6 ± 15.4 Ma to 688.8 ± 4.9 Ma (2σ) ( Table 3) . Of these, 7 of 31 exhibit apparent ages within error, or older than 300 Ma, whereas only two inclusions display ages older than 500 Ma ( Fig. 4b; Table 3 ). As expected for multi-collector ARGUSVI data, the Batch B data are characterised by significantly smaller uncertainties than the Batch A results.
Where argon yields were significant, inclusion aliquots generally yielded analogous Ca/K ratios for low and high temperature steps, indicating homogeneous compositions (Table 3 ). The few inclusions with more diverse Ca/K values may result from the presence of additional intergrowth phases (e.g. garnet; Phillips et al. 2004b ). There are no obvious correlations between apparent ages and sample weights, potassium contents, Ca/K ratios or inclusion paragenesis (Table 3) .
In summary, it is noteworthy that all Batch B ages are distinctly older than 100 Ma, with most ages in the interval 100-300 Ma (Fig. 4b) . Similarly, none of the Batch A Ar high temperature apparent ages for clinopyroxene inclusions extracted from Namaqualand detrital diamonds and analysed using an MM5400 mass spectrometer. The data are plotted in age order. Also shown are the age ranges for Late Cretaceous (Group I) kimberlites and orangeites (aka Group II kimberlites), as well as U-Pb zircon constraints on the timing of Dwyka tillite deposition (e.g. Stollhofen et al. 2008 Ar high temperature apparent ages for clinopyroxene inclusions extracted from Namaqualand detrital diamonds and analysed using a multi-collector ARGUSVI mass spectrometer. The data are plotted in age order together with the age ranges for Late Cretaceous kimberlites, orangeites and the Dwyka tillite. Error bars indicate 2σ-uncertainties in ages inclusions yielded absolute ages younger than 100 Ma, although four aliquots have relatively large uncertainties that extend to less than 100 Ma (Fig. 4a) .
Discussion
40
Ar/
39
Ar clinopyroxene inclusion ages
The two batches of clinopyroxene inclusions from Namaqualand diamonds yielded similar apparent age distributions, with overall apparent ages ranging from 117 ± 39 Ma to 3.8 ± 0.2 Ga ( 40 Ar* produced in the mantle prior to host emplacement is lost during inclusion extraction ( Fig. 2 ; Phillips et al. 1989; Phillips et al. 2004a; Phillips and Harris 2008) . However, as many inclusions retain some proportion of the pre-emplacement 40 Ar* (possibly in defect sites), the inclusion ages must be considered maximum estimates of host kimberlite/orangeite emplacement. At the same time, the Orapa study showed that most extracted inclusions have lost >90% of their pre-emplacement 40 Ar*, assuming diamond formation ages of >1.1 Ga (e.g. Richardson et al. 1999 Richardson et al. , 2001 ).
Constraints on diamond provenance
As summarised in Table 1 , known diamondiferous kimberlites in the Namaqualand hinterland range in age from ca.80 to 1350 Ma, with distinct peaks in activity at ca.80-90 Ma, ca.240 Ma, ca.500 Ma, ca.1200 Ma and ca.1350 Ma (see summary by Jelsma et al. 2004) . In contrast, diamondbearing orangeites are limited to the interval 115-200 Ma (Table 1; Jelsma et al. 2004) . Pre-Dwyka kimberlites are all older than ca.500 Ma, with post-Dwyka kimberlites restricted to the ca.80-90 Ma and ca.240 Ma kimberlite clusters.
The majority of Namaqualand clinopyroxene inclusion ages (>90%) are younger than 500 Ma (the youngest known pre-Karoo kimberlites) (Tables 2 and 3 ). Being maximum age constraints, the current results indicate that the vast majority of Namaqualand diamonds were sourced from post-Dwyka kimberlites and/or orangeites (Fig. 1) ; these include the ca.80-90 Ma group of kimberlites, the ca.115-200 Ma orangeites and the ca.240 Ma Jwaneng kimberlite cluster (Table 1) . This finding accords with previous age results for clinopyroxene-bearing diamonds from the Namibian placer deposit north of the Orange River (Phillips and Harris 2009 ). Therefore, these data do not support suggestions that significant quantities of detrital diamonds in the Namibian and Namaqualand deposits originate from erosion of secondary sedimentary sources such as the ca. 300 Ma Dwyka tillite deposits and/or older West Coast sedimentary successions, such as the Nama and Cape Supergroups (e.g. Moore and Moore 2004) .
There are, however, subtle differences in age distributions between the Namibian and Namaqualand clinopyroxene inclusions. Approximately 31% (14 of 45) of Namibian inclusions produced ages within error of ca.80-90 Ma kimberlites (Phillips and Harris 2009 ). Although~18% (8 of 45) of these ages are also within 2σ-uncertainty of the youngest diamondbearing orangeites (ca.115 Ma), 13% (6 of 45) have smaller uncertainties and can only be derived from the ca.80-90 Ma kimberlites. Based on a direct comparison between the Orapa and Namibian clinopyroxene age distributions, Phillips and Harris (2009) suggested that the Namibian detrital deposit includes roughly equal proportions of diamonds from ca.80-90 Ma kimberlites and ca.115-200 Ma orangeites. In contrast to the Namibian inclusion ages, only three of the Batch A Namaqualand inclusion ages are within 2σ-uncertainty of 90 Ma; and none can be assigned unequivocally to the 80-90 Ma age group. The higher precision Batch B results are more definitive, with no ages within error of 90 Ma. Although we cannot rule out the possibility of ca.80-90 Ma kimberlites contributing to the Namaqualand diamonds, this analysis suggests that most Namaqualand diamonds were instead eroded from slightly older primary sources, with the ca.115-200 Ma orangeites being the most likely candidates.
Notwithstanding the above arguments, it is still possible that a small proportion of diamonds may have originated from pre-Dwyka kimberlites (or undiscovered orangeites). Known pre-Karoo diamond-bearing kimberlites in southern Africa include the ca.500 Ma Marnitz, Venetia, Murowa and Colossus kimberlites in northern South Africa and Zimbabwe, the ca.1.2 Ga Premier cluster near Cullinan, South Africa, and the ca.1.35 Ga Martin's Drift kimberlites in eastern Botswana (Table 1) . Taking account of the large uncertainties associated with some inclusion ages, Phillips and Harris (2009) concluded that <5% (2 of 45) of ages from Namibian inclusions are within error, or older than 500 Ma. This is analogous to the small proportion (9%) of Namaqualand inclusion ages ≥500 Ma (Tables 2, 3 ). Therefore, it is feasible that ≥500 Ma kimberlites contributed a small fraction (<10%) of West Coast detrital diamonds, either transported to the West Coast directly, or via secondary sedimentary sources such as the Dwyka tillite. It is also possible that a very minor fraction of the diamonds (one of 84; 1%) could have been reworked from the ca.2.7-3.1 Ga Witwatersrand Basin (e.g. Smart et al. 2016 ). However, a small proportion of clinopyroxene inclusions from Orapa and Jwaneng diamonds (where eruption ages are known) exhibit apparent ages up to 1.0 Ga older than the time of host emplacement (Phillips et al. 2004a; Phillips and Harris 2008) ; therefore, it is equally likely that the elevated apparent ages simply reflect greater retention of preeruption argon in the diamonds.
Paleo-drainage constraints on diamond transport
A number of paleo-drainage reconstructions have been proposed for the post-Gondwanan evolution of southern Africa's river systems. For example, Dingle and Hendy (1984) suggested that the post-Gondwana Orange River initially established its conduit to the Atlantic Ocean, before switching to a more southerly outlet close to the current Olifants River mouth during the Paleogene, and then returning to its current position in the Neogene. More recent studies have favoured the early establishment of two separate River systems in the Late Cretaceous, a northerly 'Kalahari' River that followed a course similar to the current Molopo River with an outlet near the modern Orange River, and a 'Karoo' River to the south, which drained the interior of the Kaapvaal craton and flowed into the Atlantic adjacent to the current Olifants River mouth (Fig. 5a ) (e.g., Partridge 1998; de Wit 1999; de Wit et al. 2000 ). De Wit (1999 suggested that the Karoo River was then captured by the Kalahari River to establish the current Orange River system during the Neogene. However, studies of the off-shore sequence stratigraphy along the Atlantic coast show the presence of two significant paleo-deltas associated with the precursor Orange (ca.70-93 Ma) and Olifants River deltas (ca.93-112 Ma) (e.g. Brown et al. 1995; Aizawa et al. 2000) . Given the difference in delta formation ages, Bluck et al. (2005) suggested that the Karoo River only persisted to the Late Cretaceous and that the modern Orange River drainage system was established by ca.95 Ma and has remained largely unchanged since this time (e.g. Bluck et al. 2007) (Fig. 5b) . The latter scenario is consistent with thermochronological constraints on regional denudation events (e.g. Gallegher and Brown 1999; Brown et al. 1999) and implies that the Namaqualand diamonds were eroded from (Bluck et al. 2005 ).
Formation of the Namaqualand and Namibian diamond placers
The combined evidence from the 40 Ar/
39
Ar inclusion results, paleo-drainage reconstructions and diamond size distribution data permit the development of a comprehensive model for the formation and evolution of the Namaqualand and Namibian detrital diamond deposits. The available data indicate that the vast majority of Namaqualand diamonds were likely sourced from Early Cretaceous to Jurassic orangeites located on the Kaapvaal Craton. These diamonds were transported to the West Coast by the Early Cretaceous Karoo River with its outlet close to the modern Olifants River (Fig. 5a ). Prevailing north-directed ocean currents then reworked the diamonds northwards along the Namaqualand coast, forming successive beach terraces and alluvial deposits in response to relative sealevel fluctuations. Smaller local Rivers draining the interior of Namaqualand may also have reworked earlier alluvial deposits, thereby establishing local diamond sub-populations and size distributions (e.g. Bluck et al. 2005) . Assuming that the inclusion-bearing diamonds analysed in this study are representative of the Namaqualand diamond population as a whole, contributions from the Dwyka Group sediments and, hence older kimberlites, were minimal.
As described by Phillips and Harris (2009) , the 40 Ar/
Ar inclusion data and paleo-drainage patterns indicate that the Namibian diamond deposit probably formed subsequent to establishment of the 'modern' Orange River drainage in the Late Cretaceous (post~95 Ma). Widespread drainage of the Kaapvaal Craton likely sourced the majority of diamonds from 80 to 90 Ma kimberlites, with additional contributions from already partially eroded ca.115-200 Ma orangeites. After transport of the diamonds to the coast by the Orange River drainage system, the diamonds were reworked into successively younger beach terraces and River gravels along the Namibian Coast and lower Orange River, respectively (e.g. Bluck et al. 2005) . It is also possible that capture of the Karoo River by the Orange River drainage might have reworked earlier orangeite diamonds along the proposed Koa River (e.g. de Wit 1999).
Finally, the purported Kalahari River is thought to have drained areas of southern Botswana (e.g. de Wit 1999). Therefore, it is possible that diamonds from the Jwaneng kimberlite cluster were also transferred to the Namibian placer deposit and reworked into younger beach deposits. However, it is not possible to distinguish this age population with confidence from the available 40 Ar/
Ar inclusion data as ages approaching ca.240 Ma could also result from preeruption 40 Ar* retained in diamonds from younger orangeites and kimberlites (Table 2) .
Conclusions
Two batches of clinopyroxene inclusions extracted from Namaqualand detrital diamonds exhibit apparent ages consistent with the derivation of most diamonds (>85%) from ca.115-200 Ma orangeites located on the Kaapvaal Craton. Therefore, few, if any Namaqualand diamonds are likely to be eroded from the ca.300 Ma Dwyka tillites and, hence, older kimberlites. Paleo-drainage reconstructions support transport of the diamonds to the Namaqualand Coast by the 'paleoKaroo' River. Capture of this River system by the 'paleoKalahari' River in the Late Cretaceous, to the form modern Orange River system, facilitated formation of the Namibian diamond placer, with diamonds sourced from CretaceousJurassic kimberlites and orangeites on the Kaapvaal Craton.
